Twenty-four adenocarcinomas of the hepatobiliary system were found among I10 primary hepatic neoplasms; 22 of these were intrahepatic, one involved the extrahepatic bile duct and one the gall bladder. Histologically, 10 intrahepatic neoplasms were classified as cholangiocarcinoma, and 12 as bile duct cystadenocarcinoma. The former were characterized by tubular structures lined by anaplastic cuboidal or columnar cells with diffuse fibrous stroma, and the latter by multiple cystic structures with papillary and solid areas. Half the bile duct cystadenocarcinomas showed benign cysts and transition to adenocarcinoma. This was seen in only one case of cholangiocarcinoma. The extrahepatic bile duct carcinoma was characterized by tubular structures lined with flattened cuboidal cells with scant stroma. The gall bladder adenocarcinoma contained many acinar structures lined with columnar or cuboidal cells and separated by thin stroma. Distant metastasis was found in 87.5% (21 of 24) of the bile duct adenocarcinomas; the lymph nodes, lungs and peritoneum were the common sites of metastasis.
The biliary system can be divided anatomically into three segments: the intrahepatic and extrahepatic bile ducts, and the gall bladder. Carcinomas of all three segments have been described in man [I, 7, 8, 13, 17, 211 and in domestic animals [2, 3, 6, 10-12, 16, 20, 23-27], and are considered rare in both [7, 8, 121 . The incidence in domestic animals varies among different species as well as among different studies [2, 3, 6, 10-12,20,23-271. There are few histologic studies of canine bile duct carcinoma, or attempts at a morphologic classification [ 12,25, 261; a histologic classification of these neoplasms in domestic animals has been presented, however [ 191.
We analyze 24 biliary system neoplasms, and describe their clinical, gross morphologic and histologic characteristics.
Materials and Methods
The 110 primary hepatic neoplasms found in 12,245 necropsies of dogs done at The Animal Medical Center were studied as described in a previous report [ 151. Of these neoplasms, 24 originated from the biliary system: 22 from the intrahepatic bile ducts, one from an extrahepatic bile duct and one from the gall bladder.
Formalin-futed tissues were processed routinely, and sections 4 to 6 pm thick were stained with hematoxylin and eosin (HE), mucicarmine, and periodic acid-Schiff (PAS).
Results
The frequency of bile duct carcinoma in this study was 22% of the primary hepatic neoplasms and 0.2% of the necropsy population. The majority of bile duct carcinomas occurred in dogs over 10 years of age (63%; 15 of 24) and in females (58%; 14 of 24). The neoplasms were found in eight different breeds, and no breed predisposition was found. Anorexia, lethargy, ascites and dyspnea were the common clinical signs. Thirteen percent (2 of 15) were icteric; one of these was the dog with extrahepatic bile duct carcinoma. One dog had myelopathy caused by metastasis, one had seizures, and one had vomiting. Leukocytosis and increased serum alkaline phosphatase were recorded in three of four dogs.
Gross morphologic descriptions adequate to classify the intrahepatic bile duct carcinomas into massive, nodular or diffuse lesions were available for 18 dogs. In nine, the neoplasm consisted of a large mass in one of the liver lobes: five in the left lateral lobe, two in the central lobe, one each in the right lateral and right medial lobes. In six of these, smaller metastatic lesions were found in other lobes. Nodular lesions in one or more lobes were found in five dogs. In four dogs the lesions were diffuse, involving more than one lobe, with no masses or nodules present.
The neoplasm in the gall bladder was a cauliflower-like intraluminal lesion invading the liver with metastasis to other lobes. The extrahepatic bile duct carcinoma was located close to the neck of the gall bladder in one of the main bile ducts.
The lesions in the liver were gray-white to yellow-brown, solid or cystic, with increased stromal connective tissue and areas of necrosis. The cystic lesions contained a yellow gelatinous material. The nodular lesions were generally well-delineated and had central depressions.
The intrahepatic bile duct carcinomas were categorized histologically as tubular carcinomas (10) and bile duct cystadenocarcinomas ( 12) .
The tubular carcinomas (cholangiocarcinoma) were characterized by many tubular structures lined with cuboidal or columnar cells, with diffuse, fibrous stroma separating the glandular structures (fig. l ). The neoplastic cells had large, hyperchromatic, vesiculated nuclei, prominent nucleoli and moderate amounts of eosinophilic cytoplasm. Mitotic cells were common. Most of the lumina of the tubular structures contained an eosinophilic secretion; mucin was seen in three tumors. In some of the neoplasms, the tubular structures were lined with well-differentiated, tall, columnar cells with eosinophilic or mucinous cytoplasm. In one there was squamous metaplasia, and in another there were benign, hyperplastic, ductal structures lined with cuboidal or columnar cells adjoining the neoplasm. Seven of the 10 tubular carcinomas had distant metastasis, and intraheptic infiltration was common.
All 12 bile duct cystadenocarcinomas were composed of many cysts lined with single or multiple layers of epithelial cells. intermixed with solid areas. In nine, the cystic spaces were filled with papillary structures lined with cuboidal or columnar cells around a thin stroma. In the rest, the papillary structures were not obvious.
There were various degrees of differentiation of the neoplastic cells, which were mostly anaplastic with moderate amounts of clear or eosinophilic cytoplasm, large, vesiculated nuclei and prominent nucleoli. Cellular pleomorphism, mitotic cells and desmoplasia were not common. Six tumors had large areas containing multiple, benign, bile duct cysts lined with cuboidal and columnar epithelium ( fig. 2 ). Transition from these benign lesions to carcinoma, mostly papillary, was found. All 12 had distant metastasis. The extrahepatic bile duct carcinoma was characterized by large tubular structures with extensive desmoplasia. The tubular structures were lined with flattened cuboidal or columnar cells, with scant eosinophilic cytoplasm, vesiculated nuclei and rare, prominent nucleoli. Mitotic cells were rare. Most of the tubular structures contained mucin. The adjacent gall bladder had papillary hyperplasia with benign cells. There were diffuse, focal lymphoid cell accumulations. Metastasis to the liver, lungs, and regional lymph nodes was found.
The gall bladder adenocarcinoma comprised acinar structures separated by thin stroma. The neoplastic cells were small to medium, columnar or cuboidal with eosinophilic cytoplasm, vesiculated nuclei, and single, prominent nucleoli. Mitotic cells were rare. Large areas of necrosis were seen in the primary and metastatic sites. There was metastasis to the lungs and liver.
Distant metastasis was found in 88% (21 of 24) of the bile duct carcinomas, including the gall bladder carcinoma. The sites of metastasis, in order of frequency, were: lymph nodes, 67% (16 of 24); lungs, 54% (13 of 24); peritoneal implants, 46% (1 1 of 24) ; spleen and adrenal glands, 8% each (2 of 24); heart, pancreas, kidney and spinal column, 4% each (1 of 24) .
Discussion
The intrahepatic bile duct carcinomas were divided histologically into two groups: tubular carcinoma and bile duct cystadenocarcinoma. The tubular carcinomas described in the dog meet most of the criteria for cholangiocarcinoma in man [9] , and in our opinion should be designated as such. The bile duct cystadenocarcinomas are morphologically similar to cystadenocarcinomas in man [7, 9] . These two groups have similar high rates of metastasis in the dog. Thus, there may not be a clinical advantage to the histologic classification of these neoplasms in the dog. In our study, however, six of the 12 bile duct cystadenocarcinomas also had benign cystic areas and transition to malignancy. This was seen in only one cholangiocarcinoma, suggesting a different origin for the cystadenocarcinomas, in addition to the differences in morphologic features. Carcinomas may originate as benign lesions that undergo transformation, rather than as malignant neoplasms. Therefore, we suggest that the World Health Organization classification [ 191 be modified to distinguish the two morphologic types.
In the dog, carcinoids and metastatic adenocarcinomas may be difficult to differentiate from bile duct carcinoma, especially cholangiocarcinomas. The bile duct cystadenocarcinomas are easier to diagnose because of their morphology and because of the presence of benign cystic elements in transition in most tumors. Primary hepatic carcinoids can be differentiated by morphologic features and by silver stains Locating the primary neoplasm and determining morphology should exclude metastatic lesions to the liver from the differential diagnosis. The scirrhous and pseudoglandular types of hepatocellular carcinoma have to be considered, but the cellular morphology will aid in making the correct diagnosis [7,9, 14, 181.
Compared to hepatocellular carcinoma, bile duct carcinoma in the dog is less common and more malignant, with a higher frequency of metastasis (87.5%), even though cellular pleomorphism and anaplasia are less obvious than with hepatocellular carcinoma. the carcinoids diagnosed in this series have an even higher frequency (93%) and more diffuse metastasis [15] . Since all of these types of neoplasms are difficult to differentiate grossly [7, 13, 15, 181, recognition of the histologic features is essential.
Cholangiocarcinoma in man has been associated with gallstones and clonorchis infection [4] , but none of the dogs of this study had active parasitic infection or stones.
